To assess the association of weight cycling with weight change, weight control practices, and bulimic behaviors. METHODS: A nested study of 2476 young and middle-aged women in the Nurses' Health Study II who provided information on intentional weight losses between 1989 and 1993. SAMPLE: In total, 224 women who were severe cyclers, 741 women who were mild cyclers, 967 age-and BMI-matched controls (noncyclers), and 544 women who did not weight cycle and maintained their weight between 1989 and 1993 completed a questionnaire in 2000-2001 assessing recent intentional weight losses, weight control practices, and weight concerns. RESULTS: After controlling for age and body mass index (BMI) in 1993, when weight cycling was initially assessed, mild cyclers gained an average of 6.7 pounds (lbs) more and severe cyclers gained approximately 10.3 lbs more than noncyclers between 1993 and 2001. Weight cyclers preferred to change their diet rather than to exercise to control their weight. Severe weight cyclers were less likely than noncyclers to use frequent exercise as a weight control strategy (odds ratio [OR] ¼ 0.8, 95% confidence interval (CI) 0.6-1.1). Cyclers were also more likely than noncyclers to engage in binge eating (mild cyclers: OR ¼ 1.8, 95% CI 1.4-2.4; and severe cyclers: OR ¼ 2.5, 95% CI 1.7-3.5). Independent of weight cycling status, age, and BMI, women who engaged in binge eating gained approximately 5 lbs more than their peers (Po0.001). CONCLUSIONS: Weight cycling was associated with greater weight gain, less physical activity, and a higher prevalence of binge eating. Low levels of activity and binge eating may be partially responsible for the large amount of weight regained by weight cyclers.
Introduction
In the United States obesity has become a serious public health problem. According to the third National Health and Nutrition Examination Survey (NHANES), 34% of adults in the United States are overweight and an additional 30.5% are obese. 1 The rapid increase in the prevalence of obesity is thought to be largely due to lifestyle factors, such as diet and physical inactivity. Although the prevalence of overweight and obesity are increasing, the desire to be thin is widespread. Dieting to lose weight is common among adolescent females, [2] [3] [4] as well as adult women. [5] [6] [7] In cross-sectional studies, researchers have observed a strong association between dieting and being overweight or obese. 7, 8 In large prospective studies, weight loss attempts 9, 10 and weight cycling 11, 12 have been observed to be predictive of major weight gain among young and middle-aged women. The association of weight cycling to weight gain is of interest because during the past decade, weight loss and weight cycling have been investigated as predictors of morbidity and mortality. Although some of the earlier studies observed that weight loss or cycling was associated with increased health risks, [13] [14] [15] [16] more recent studies have not observed an association 12, 17, 18 However, the latter studies have observed that weight and weight gain, correlates of weight cycling, were predictive of developing morbidities. Unfortunately, little is known about why women who intentionally lose weight are paradoxically more likely than their peers to gain weight. Weight gain is an important independent risk factor for the development of type II diabetes, 19 hypertension, 20 cardiovascular disease, 21 and some cancers, [22] [23] [24] thus understanding the reasons for the excessive weight gain associated with cycling could be of public health importance. To assess the correlates of weight cycling, we conducted a study among a sample of young and middle-aged women participating in the Nurses' Health Study II.
Methods
The Nurses' Health Study II (NHS II) was established in 1989 and consists of 116 671 female nurses, 25-43 y at baseline, who responded to a mailed questionnaire about their medical history and lifestyle and health behaviors. Followup questionnaires have been sent to participants biennially since 1989. Additional details have been reported previously. 25 Height, weight, and recalled weight at age 18 y were ascertained in 1989 and current weight was assessed in 1989 and on each follow-up questionnaire. Body mass index (BMI, kg/m 2 ) was calculated from self-reported information on weight and height. BMIs less than 16 or greater than 60 were assumed to be data errors, so their values were set to missing and not used in the analysis. The BMI classification scheme in the US Dietary Guidelines was used to classify women into underweight (16 BMI o18.5), healthy weight (18.5rBMIr24.9), overweight (25rBMIr29.9), and obese (BMIZ30). 26 The 1993 NHS II survey included questions on weight losses that were specifically designed to address the longterm health consequences of intentional weight loss. They were developed after extensive discussion among investigators from the Nurses' Health Study, Centers for Disease Control and Prevention, and University of Minnesota. These questions included the number of intentional weight loss episodes of varying magnitude (5-9, 10-19, 20-49, and 50 þ lbs) over the past 4 y and between 18 and 30 y of age. The information on intentional weight losses between 1989 and 1993 was used to classify women as non, mild, or severe weight cyclers. The question, 'Between 1989 and 1993, how many times did you lose each of the following amounts of weight on purpose?' The responses were 0, 1-2, 3-4, 5-6, and 7 or more times for each of the magnitudes of weight loss. To be consistent with the magnitude of the weight loss required by Field et al, 12 French et al, 27 and Williamson et al 28 in their studies of the relation between intentional weight loss and disease, to be classified as a severe weight cycler, we required that a woman report intentionally losing 20 or more lbs. To ensure that the cyclers were women who had repeatedly lost weight, we required that women intentionally lost weight three or more times between 1989 and 1993 to be classified as severe weight cyclers. Women who had intentionally lost 10 or more lbs three or more times, but did not meet the criteria for severe weight cycling, were classified as mild weight cyclers. Women who did not meet the criteria described above for mild or severe weight cycling were classified as nonweight cyclers. The information on body weight, reported on each of the biennial questionnaires, was not used to define weight cycler status.
Sample
Based on their weight and responses to the 1993 intentional weight loss questions, a sample comprising all of the severe cyclers, a subset of the mild and noncyclers, one control for each of the weight cyclers matched on BMI and age, and a sample of women whose 1989, 1991, and 1993 weights were within 5 lbs of one another were invited to participate in a substudy. Two groups of noncyclers were included in the sample because women whose 1989, 1991, and 1993 weights were within 5 lbs of one another were believed to represent the women with the most effective weight control practices, whereas, noncyclers who were not weight stable were likely to represent the general group of women who did not make repeated large changes in weight (ie, weight cycling), but gained some weight over time. The 3931 women selected for participation were sent an invitation letter, which explained that participation was voluntary, and a supplementary questionnaire.
Supplementary questionnaire
The questionnaire assessed current weight, highest and lowest weight in the past 4 y, weight concerns, weight control behaviors, binge eating, intentional and unintentional weight loss (and regain) patterns during the past 4 y, dietary restraint, disinhibition, and attitudes about exercise. Women were asked for their highest and lowest weights during the past 4 y, as well as their current weight. The validity of selfreported weight and height were examined among 140 women, 40-65 y of age, participating in the Nurses' Health Study; 29 self-reported weight was highly correlated with the average of two standardized measurements taken approximately 6 months apart by trained interviewers (r ¼ 0.97).
Dietary restraint was measured with questions from the restraint scales from two instruments: the Three Factor Eating Questionnaire (TFEQ) 30 and the Herman and Polivy
Restraint Scale. 31 Two instruments were used because there is controversy over whether dietary restraint should refer to people who are successful at limiting their intake (ie, being restrained vis-à-vis their intake) or, the majority of dieters, who try to limit their intake but break down and splurge from time to time. This latter group is frequently Weight control behaviors were measured in several ways. Women were asked to indicate the methods they use to control weight in general, as well asked to report all of the methods they used for their most recent 10-19, 20-49, and 50 lb weight losses. The options they were given were: 'eat a low calorie diet,' 'eat a low fat diet,' 'eat a high protein diet,' 'count calories,' 'not eat dessert,' 'skip meals/fast,' 'commercial weight loss program,' 'gastric surgery,' 'limit portion size,' 'not eat between meals,' 'use Slimfast or other shakes,' 'use products containing Olestra,' 'weigh/measure myself frequently,' 'decrease alcohol intake,' 'exercise frequently,' 'use over the counter diet pills,' 'use prescription diet pills (eg, Phentermine, Orlistat, or other drugs),' 'smoking,' or 'other.' In addition, women were asked how often they had used the following methods to control their weight: exercise, diet pills (over the counter), laxatives, and vomiting. Women who reported at least monthly use of diet pills, laxatives, or vomiting to control weight were labeled as engaging in unhealthy weight control practices and those who reported at least monthly use of laxatives, or vomiting to control weight were classified as purgers. Women were also asked how often during the past year they have eaten in a discrete amount of time (eg, within any 2-h period), an amount of food that is definitely larger than most people would eat during a similar amount of time and under similar circumstances. Women who reported having any of these large eating episodes were then asked whether they felt out of control and as if they could not stop during the episode. Women who reported large eating episodes at least monthly and reported feeling out of control during the episodes were classified as binge eaters.
Sample for analysis
After three mailings approximately 70% (n ¼ 2751) of the women returned completed questionnaires. The sample was comprised of 821 mild weight cyclers, and 248 severe weight cyclers, 1070 age-and BMI-matched controls (noncyclers), and 612 women who did not weight cycle and maintained their weight between 1989 and 1993. Age was not associated with willingness to participate, however, BMI was inversely associated with participation among the non (Po0.05) and mild (Po0.001) weight cyclers. Women were excluded from the analysis if they reported a pregnancy in the past 4 y (n ¼ 146), did not provide information on recent weight losses (n ¼ 96) or were missing information on weight at the follow-up (n ¼ 33); thus 2476 women remained for analysis.
Statistical methods
Univariate differences were assessed with w 2 -tests and Wilcoxon rank-sum tests. Multivariate linear regression was used to assess cross-sectional differences in BMI, as well as changes in weight between 1993 and 2001. All models included age, BMI in 1993, and weight cycling status in 1993. To assess differences in weight control beliefs and behaviors, we used logistic regression models that included age, BMI in 1993, and weight cycling status in 1993. Stratified analyses and interaction terms were used to assess whether the associations with weight cycling differed by weight status (ie, healthy weight vs overweight women). Nonweight cyclers who were not weight stable were the reference group.
Results
Although only 14% of the women who had been mild cyclers and 27% of the severe cyclers between 1989 and 1993 continued to weight cycle between 1997 and 2001, many women reported at least one intentional weight loss during the follow-up. Approximately 41.5% of the women reported that they had intentionally lost 10-19 lbs at least once in the past 4 y, 29.3% reported that they had intentionally lost 20-49 lbs, and 5.1% reported having intentionally lost 50 lbs at least once in the past 4 y. Unintentional weight loss was less common. The percentage of women who had unintentionally lost 10-19, 20-49, and 50 or more lbs were 16.1, 8.2, and 1.4%, respectively. Despite the high prevalence of weight loss, most of the women gained weight during the follow-up. The mean weight change between 1993, when weight cycling status was first assessed, and the end of follow-up (2000-2001) was a gain of 11 lbs; however, 10% of the women gained more than 30 lbs and 10% lost at least 6 lbs. Weight status in 1993 was associated with weight gain. Overweight women gained an average of 2.2 lbs more than women in the healthy weight range and obese women gained an average of 3.4 lbs more than women in the healthy weight range.
Weight cyclers were heavier than noncyclers in 1993 (Table 1 ) and weight cycling status between 1989 and 1993 was strongly related to making at least one intentional Table 1) . Independent of age and BMI in 1993, mild weight cyclers were two times more likely (odds ratio (OR) ¼ 2.4, 95% confidence interval (CI) 1.9-2.9) and severe weight cyclers were four times more likely (OR ¼ 3.7, 95% CI 2.7-5.1) than noncyclers to report at least one intentional 20-49 lbs loss between 1997 and 2001. The associations were even stronger when comparing noncyclers to cyclers for having made at least one intentional weight loss of 50 or more lbs (OR ¼ 3.0 and 7.2 for mild and severe cyclers, respectively). Women who had made intentional weight losses were more likely than their peers to have had unintentional weight losses, but after controlling for intentional weight loss, weight cycling status was not independently associated with unintentional weight losses (data not shown).
Dietary restraint, physical activity, and weight cycling Weight cycling was associated with many potential behavioral predictors of weight change, including dietary restraint, exercise patterns, and dietary weight control strategies. Dietary restraint, as measured by the TFEQ, had a modest, but significant (Po0.001), positive association with weight cycling status ( Figure 1 ). Dietary restraint as measured by Herman and Polivy's scale had a much stronger positive association with weight cycling status ( Figure 1 ).
Moreover, both the weight fluctuation and the concern for dieting subscales of the Herman and Polivy's Restraint scale had strong positive associations with weight cycling status. Severe cyclers had the highest restraint scores, followed by mild cyclers, and weight stable women had the lowest scores on the Herman and Polivy's Restraint scale. Overall, the exercise factor, which we developed to mirror the TFEQ restraint scale, but assessing exercise behaviors and beliefs instead of dietary ones, had a modest inverse association with weight cycling status. Although weight cyclers were more likely than noncyclers to report that if they were on a diet and ate a food that was not allowed they would exercise to make up for it, severe weight cyclers were approximately 60% more likely than noncyclers (odds ratio [OR] 1.6, 95% confidence interval [CI] 1.2-2.1) to report that they rarely were able to stick to an exercise program ( Table 2) . Weight stable women engaged in significantly more activity than other women. The median hours of vigorous activity was 1 h per week for the weight-stable women vs 0.75 h per week for non, mild, and severe cyclers (Figure 1) . Moreover, weightstable women engaged in a total of 3.5 h per week of leisuretime activity vs 2.5 for noncyclers and mild cyclers and 2.1 h per week for severe cyclers (Figure 1) . The lower activity level reflects that mild (OR ¼ 1.2, 95% CI 1.0-1.5) and severe cyclers (OR ¼ 1.8, 95% CI 1.3-2.4) were more inclined than noncyclers to change their dietary habits rather than use exercise as a weight control method ( Table 2) . 
Weight change and weight cycling among women AE Field et al
Weight control strategies, bulimic behaviors, and weight cycling Most women in the sample reported using a variety of methods to lose or maintain weight. A low-fat diet was the most common approach to controlling weight, but the prevalence did not vary significantly by weight status (63% of women with BMI o25, 62.9% of overweight women, and 56% of obese women) or weight cycling status (61% of weight stable women, 62% of noncyclers, 66% of mild cyclers, and 61% of severe cyclers). However, mild and severe cyclers were significantly more likely than noncyclers to report using a low calorie diet (Table 1) or a high-protein diet to control their weight. Weight cyclers differed from noncyclers in terms of several behavioral strategies for controlling weight. Severe cyclers were more likely (OR ¼ 1.5, 95% CI 1.1-2.2) than noncyclers to report skipping meals or fasting as a weight control strategy, but they were significantly less likely to report using frequent exercise as a weight control strategy (OR ¼ 0.8) ( Table 3 ). In addition, mild (OR ¼ 2.1) and severe (OR ¼ 3.1) cyclers were significantly more likely to have used a commercial weight loss program to help control their weight.
Overall, a relatively small proportion of the women engaged in bulimic behaviors or other potentially unhealthy weight control strategies. Approximately 8.6% of the women used over the counter diet pills, 3.9% used smoking, and 2.1% using vomiting or laxatives (purging) to control weight. Weight cyclers were significantly more likely than noncyclers to use diet pills (OR ¼ 2.0-3.1) and purging (OR ¼ 3.0-6.8) to control their weight (Table 3 ), but weight cycling status was not independently associated with using smoking as a weight control strategy (data not shown). In addition to being more likely to use unhealthy weight control strategies, weight cyclers were more likely to engage Weight change and weight cycling among women AE Field et al in overeating episodes and binge eating. Overall, 22% of the women reported overeating (eating an amount of food that is definitely larger than most people would eat in similar circumstances) and 61% of those women (13% of the sample) reported a lack of control during the overeating episodes (ie, binge eating). Weight cyclers were significantly more likely than noncyclers to engage in both overeating and binge eating (Table 3) . For example, weight cyclers were more than twice as likely as noncyclers to report binge eating at least monthly (OR ¼ 1.8 for mild cycling, OR ¼ 2.5 for severe cycling) ( Table 3) .
Weight cycling and weight gain
Despite the increased prevalence of intentional weight losses, weight cyclers gained more weight than noncyclers between 1993 and 2001. Independent of age and BMI in 1993, mild cyclers gained an average of 7 lbs more than noncyclers and severe cyclers gained approximately 10 lbs more than noncyclers who were not weight stable between 1989 and 1991 (Table 4) . Although weight control practices, activity patterns, bulimic behaviors, and level of dietary restraint differed by weight cycling status, only activity patterns, binge eating, and dietary restraint were independently associated with weight changes from 1993 to 2001. After adjusting for age, BMI, and weight cycling status in 1993, the concern for dieting subscale of Herman and Polivy's restraint scale had a significant positive association with change, but the modified version of the weight fluctuation subscale was inversely associated with weight change. The dietary restraint scale adapted from the TFEQ Restraint scale was also inversely associated with weight change (b ¼ À0.6, Po0.001). Each one unit increase above the mean score on the scale was associated with gaining Weight change and weight cycling among women AE Field et al approximately 0.6 lbs less between 1993 and 2001 than noncyclers who scored at the mean. However, of the psychological measures, the exercise factor that we developed had the strongest association with weight change (b ¼ À1.8, Po0.001). When the four restraint subscales were entered into one model, all of the factors remained significant; however, the exercise factor was somewhat attenuated and the concern for dieting subscale of Herman and Polivy's restraint scale became much stronger (Table 4) (Table 4 ).
Discussion
We observed that weight gain was common and that women who had been weight cyclers gained significantly more weight than their peers during the follow-up. Most of the women had used dietary strategies to control their weight, but severe weight cyclers were significantly less likely than their peers to use exercise as a weight control strategy and were significantly more likely to use unhealthy weight control strategies. It is possible that the lack of activity is at least partially responsible for the large weight gains observed among the severe cyclers during the follow-up.
Although there is debate about whether activity aids in weight loss, there is a growing body of literature that suggests that activity is helpful for weight maintenance and prevention of weight regain. [33] [34] [35] [36] In a previous analysis in the Nurses' Health Study II, we observed that the vigorous activity was associated with less weight regain and that women who engaged in 5 or more hours per week of vigorous activity gained less weight than their inactive peers. 35 11 who observed that among a cohort of adults, weight cycling was the strongest predictor of weight change over a two period. Our study builds on the previous work on weight loss efforts and weight gain by including assessment of weight control strategies, dietary restraint, binge eating, and beliefs about weight control. We were therefore able to assess why weight cycling may be associated with weight gain, rather than just stating that weight cyclers gain more weight than noncyclers. Our findings suggest that the difference between women who weight cycle and those who do not weight cycle may be related to their outlook on physical activity. Severe weight cyclers were less likely than noncyclers to exercise to prevent weight gain and were more likely to prefer changing their diet rather than their activity patterns to control weight. Although a reduction in energy intake can lead to weight loss, our results suggest that more needs to be done to encourage physical activity to prevent weight gain or regain. A necessary first step will be to better assess the perceived barriers to activity, including lack of time and space and dislike of being active, among women who have a history of weight losses and regains. There are several limitations to the present study. First, we collected information on dietary restraint at the same time as Weight change and weight cycling among women AE Field et al we collected information on weight change. Therefore, it is possible that the dietary restraint scores changed in response to weight gain. However, given that few women gained weight for the first time in their adult life, this problem is true for most studies of adults. Another limitation is that we were unable to assess the specific weight control strategy that was used for weight loss or weight maintenance. It is therefore possible that some of the strategies were successful for weight loss, but the loss was not maintained and therefore the strategy did not appear to have an association with weight change in our analysis. Third, the sample was not a random sample of women in the United States. The women were sampled from the Nurses' Health Study II; as a result there are relatively few women of color in the sample. Moreover, by design the sample was enriched with weight cyclers, so the overall estimate of weight gain should not be generalized to the general population, among whom weight cycling is less common than in the subgroup of women included in the analysis.
In conclusion, our findings suggest that women who weight cycle gain more weight and place a lower priority on physical activity as a weight control strategy than their noncycling peers. Activity has numerous health benefits, including helping to prevent weight regain, thus clinicians should be encouraged to motivate their patients with a history of weight cycling and unsuccessful dieting to find a form of activity that they can incorporate into their daily lives. In addition, clinicians should discourage their patients from using unhealthy means of weight control, which may increase the risk of binge eating and do not appear to help to control weight. Future studies are needed which prospectively assess the relationship between weight cycling, binge eating, and weight change. To tease apart the order of association it will be essential for the study to include a sufficiently large sample size to be able to assess whether weight cycling predicts the onset of binge eating or binge eating predicts the onset of weight cycling and whether these two factors have independent associations with subsequent weight changes. Given the relatively young average age of onset of binge eating, it would be best to study these associations in a cohort of adolescents and young adults who will be followed into mid-adult life. The prospective association between physical activity and weight cycling should also be investigated. Moreover, future studies should consider assessing whether other family members have a history of obesity, major weight gain, and disordered eating in order to tease apart a familial predisposition to weight gain or disordered eating from weight gain due to weight control practices influenced by other personal and social factors.
